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SIMULATION OF MULTISTAGE TURBINE FLOWS

John J. Adamczyk
NASA Lewis Research Center
Cleveland, Ohio

and

Richard A. Mulac
Sverdrup Technology, Inc.
Middleburg Heights, Ohio

A flow model has been developed for analyzing multistage turbomachinery
flows. This model, referred to as the "average passage" flow model, describes
the time-averaged flow field with a typical passage of a blade row embedded
within a multistage configuration. The presentation summarizing the work done
to date, based on this flow model, will be in two parts. The first part of the
talk will address formulation, computer resource requirement, and supporting
empirical modeling, and the second part will address code development with an
emphasis on multitasking and storage. The presentation will conclude with
11Tustrations from simulations of the space shuttle main engine (SSME) fuel
turbine performed to date.
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PREMISE OBSERVATION

HIGH SPEED MULTI ~ STAGE TURBOMACHINERY FLOWS

HAVE TOO MANY LENGTH AND TIME SCALES TO < : :
BE AMENABLE TO DIRECT NUMERICAL SIMULATION MOST MODLLS CURRENTLY USED TO ANALYZE
EVEN ON TODAY'S MOST ADVANCED COMPUTERS MULT! = STAGE FLOWS ARE BASED ON AN AXi—

SYMMETRIC REPRESENTATION OF THE FLOW

MODELS OF MULTI — STAGE FLOWS WHICH GIVE AN ST MACLINE
"AVERAGED" DESCRIPTION OF THE FLOW WITHIN WITHIN THESL MACHINES
TURBOMACHINERY PROVIDE USEFUL INFORMATION

F“gure 2. F‘igure 3.
QUESTION CONSTRAINT
GIVEN TODAY'S COMPUTER RESOURCES AND o PROPOSED MODEL MUST BE COMPATIBLE WITH
THE AVAILABLE COMPUTER RESOURCES AND
HIGH RESPONSE INSTRUMENTATION, IS IT TIME INSTRUMENTATION LIMITS

TO DEVELOPE MODELS WHICH PROVIDE A HIGHER
DEGREE OF RESOLUTION OF MULTI - STAGE FLOWS o PROPOSED MODEL MUST HAVE A RATIONAL

BASIS
THAN TODAY'S AXISYMMETRIC MODELS?

Figure 5.
Figure 4.
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TURBOMACHINERY MODELING EQUATIONS

NAVIER
STOKES

(REYNOLDS
AVERAGED EQNS.)

ENSEMBLE
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® DETERMINISTIC

FLOW FIELD TIME
AVERAGED EQNS.
® TIME (TYPICAL BLADE
AVERAGED PASSAGE FLOW FIELD)
FLOW AVERAGE-
FIELD PASSAGE EQNS.
e BLADE-TO-BLADE
PERIODIC
FLOW CIRCUMFERENTIAL
FIELD AVERAGED EQNS.
® AX|ISYMMETRIC
FLOW FIELD QUASI
1-D EQNS.
Figure 6.
THREE —DIMENSIONAL CELL—CENTERED FINITE VOLUME
FLOW SOLVER

ADAMCZYK'S AVERAGE —PASSAGE EQUATION SYSTEM

(dAu/dt) + L(Aw) +~f>\§dVol - I AKdVol
w" =(p.py, . TPV, . PV, . PE, )
| L(\u) = | (AFsdA_+ AGdA ,+ NHdA ,)

AR
ASdVol = body forces, energy sources, momentum and energy

temporal correlations associated with neighboring
blade row (closure terin)

f)xL( dVol - source term due to cylindrical coordinate system

FOR ROTATING SYSTEMS
(dA\u/dt)|abs = (dAw/dt)|rel - Q(dAy/dO)|rel

L(Aw) = | (AFedd o+ N(C - rQu)dd ,« AHedA, )
4R

Figure 7.
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Figure 8.

CLOSURE STRATEGY CLOSURE STRATEGY

BLADE ROW (1)
FIELD EQUATION

() + fs"’d,v -0

— (

(au"/ at)dV + L(u") + fSl)dV =0
BLADE ROW (2)

- @)
(au(L)/at)dV‘*L(u(t))*J‘S aVv =20 T(uﬁ))+J‘S(z)dV=0
e

Source Term WHERE

(11,(2) (1),(2)

Figure 9. s
Figure 10.
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FINAL RESULT

LET A ———> AXISYMM[TRIC AV[RAG'NC OPERA[OR Lm)‘)(A ”n(\\) . J‘ Sh)( (:))A dV JS(|)( (”)A dV =0

THEN "0y - J STy ad v fJ sy adv -0

V ()/ )
(uf)+l[ {(Uny)AdV =0 UPON CONVERGENCE
AL (W) + fs"( CYAdV =0 Al e Au D
Figure 11. Figure 12.

MODULAR CODE CONSTRUCTION

INPUT MAIN

GEOMETRY

FIELD
EQUATIONS
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Figure 13.
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AVERAGE —PASSAGE EQUATION SYSTEM

CLOSURE

y

EQUATIONS

2

ONTINUITY
AXIAL RADIAL MOMENTA

NGY

COHVERGENCE TEST : L2 NORM OF THE DFFERENCE BETWEEN

THE ADSYMAE 110G AVERAGE OF THE TIVE-AVERAGED LOW
VARIABLES ON EACH BLADE RO LESS THAN SOLE TOLERANCE

[outeor)

Figure 14.

MULTITASKING OF MULTISTAGE
3-D FLOW FIELD CALCULATIOM

TR _ Py -~~~ FIRST MADE ROTY
@ - /

N ) B SECOHD 1 ADE ROW
[l 1T [P THIRD BLADE RO
U~ e = Hih DLADE RUZI
Chae e,
Figure 15.
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EVOLUTION OF THE TOTAL TEMPERATURE
FIELD WITHIN THE S.S.M.E. FUEL TURBINE

1st VANE 2nd VANE
MID PASSAGE MID PASSAGE

1st ROTOR 2nd ROTOR
MID PASSAGE MID PASSAGE

SIMULATION PERFORMED ON LEWIS CRAY XMP 24

Figure 16.
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